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INTRODUCTION 


_ Permissible electric cap lamps are used’ in more than 1,000 mines 
in the United States, including bituminous-coal mines, ‘anthracite mines, 
metal mines as salt mines. 


All eas are approved with the sudenetancine that those sold and 
installed will be made according to the sample lamps that were tested and 
epproved; also that lamps differing from the approved designs will not be 
marketed or used with approval labels until the changes have been approved 
by the Bureau. 


1/ The Bureau of Mines will welcome reprinting of this paper provided the 
following footnote acknowledgment is used: “‘Reorinted from Bureau 
of Mines Information Circular 7188.’ 7 

2/ Associate electrical engineer, Bureau of Mines, Central Experiment 
Station, Pittsburgh, Pa. 
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The manufacturers anda users of these lamps have cooperated in the 
approval agreement so that field inspection of lamp installations to deter- 
mine if they meet the foregoing requirements is unnecessary. Therefore 
inspections are made by the Bureau's testing engineers chiefly to observe 
the performance of the lamps uncer varicus mining conditions and to cor- 
relate that performance with laboratory tests and procedures. 


Lamp performance reported in this paper is based upon inspections 
of lamp installations at 28 mines of 12 onerating companies in southern 
West Virginia. These instaliations included recent tyoes of standard cap 
lamps frorn each of the three manutacturers ot permissible electric cap 
lamps. 


Although the mines visited are representative of mines in only one 
district, field and laboratory. experience indicates that the observations 
and conclusions apply generally ta.ali installations of permissible electric 
cap lamps. ee. Ganiiee oh Sane 


Con clusions. 


Satisfactory eauioemanee of eepmieciie electric cap lamps implies - 
that the battery electrolyte coes not spill and that few lamps fail in service. 

There are satisfactory and unsatisfactory installations of every make 
and type of permissible electric.can lamp. 


All unsatisfactory installations could be made satisfactory by changes 
in Supervision and lamphouse procedure for filling, recharging, handling, 
and repairing the lamps and by. enough discipline to insure more careful 
use of the lamps. 


Lamp performance is based chiefly upon the condition of the battery, 
that is, whether the lamp burns the required length of tine. A contract 
that guarantees light output places emphasis on the whole larmio to insure 
greater light; therefore, such a contract seems desiraole. 


Higher-light-diffusing reflectors with light ratios of 15: 1ltozd:1 
should replace spot-type reflectors for all but inspection purposes. 


LAMPHOUSE OBSERVATIONS 
jJuamps 
The 28 lamp installations represented 5 types of cap lamps of 3 


manufacturers, as follows: Types A and B, of manufacturer X; types C 
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and D, of manufacturer Y; and type E, of manufacturer 7%. They were dis- 
triputed as follows: 


Tyne oi Number of Total number 
ae ales installations | of lamos 
Pees cigs oe adies 9 208 
Pinstsdodsnneeetes 5 Zk. 
Ciiiecieetetetess i B54 
eee sesetkeneeSe Zz 500 
Pere errr fe, yt 
Pen. seseaceses | tf | ae end 3) 
Diy TO {SNC i aieweg | 1 445, 25, and 70 
Cand D veeseceeee 1 | 540 and 132 


Total eee@seeeo @ 


Kind of Contrae 


Nineteen of the instailations were cn rentel contracts under which the 
lemnps belong to the lamp company and are rented by them to the mine 


Stetina Gnd 


overating coipany. 


The other nine installations had heen upon ean ownexrship-rental basis, 
by which tne lamps had become the proverty of the renter at the end of 5 


years. 


Five of the rented instaliations were on @ special contract calling for 
a guaranteed light outout. These contracts were based unon certified 
initial performance, with the orovision that the iamps be replaced whenever 
periodic tests of fully charged lamps, taken at random from the charge racks, 
showed a light output of less than 80 percent of the certified periormance. 


TLamnnoman 


The lampman hes direct cnarzte cf the lainv installation. Whether he 
vi eae alone or nas assistants depenas on the size and type of installation. 
f the 28 installations visited, 17 had assistant lamomen, 6 had a lampman 
eoted: an assistant, and 5 had no lainnman at all, the lemous being cared 
for Ly other employces as their recular work permitted. 


° . ? 
The following factors were observed to decrease the lamypman’s work: 


1. A vental contract, under which the laiap compeny does all re- 
oc.iring and r aplaces faulty lamps. 
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2. A parallel system of charging, in which all batteries, when in the 
rack, are connected to a constant-voltage supply and each battery auto- 
matically takes its neeced charge. | 


3. A self-service method of handling the lamps, by which each em- 
ployee takes his lamp frorn the rack and returns it to its proper place at 
the end of his work shift. 


4, A system of supervision anc discicline, requiring that each em- 
ployee rack his lamp correctly, use it carefully, and report or indicate 
any lamp failure to the larnpman. 


o» The presence of the lamnpman at cacn chenge of shift, so that he 


of the lamops. 


6. Promot insvection of the rackec ia nos, to insure that all ere 


charging proverly. 


The following factors increase the lampman’s work: 


1. Owned lamps, that usually are acquirec aiter a rented period. 
These lamps are relatively old and require more repairs and attention 
than newer lamps. 


2. A series system of charging without self-service which requires 
that each lamn be given out and received by a lampman or assistant and 


that the batteries have approximately the same cischarge before being put 
back on charge. 


ee ee ee | 


of the lamps, resuits in excessive breakage and iamp repairs. 

4, Tne use of man trips so that the men arrive at the lamphouse in 
groups, which results in crowding at the lamp racks and excessive break- 
age of lambc. 

o>. Unusual bookkeeving, such as recording the working time. 

6. Failure to make minor repairs promptly. 

The best lamp installations, from the standpoint of the lampman, 
were upon a rentai basis, with self-service and either series or parallel 


charging. In these installations the lampman, with proper supervision 
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and discipline, used his spare time for inspection and study aimed toward 
better care and performance of his lamps. 


Supervision 


The company management may se_ect the make and type of lamps for 
each of its mines and determine the kind of contract, but sunervision of 
each lamp installation apparently is delegated to the mine superintendent, 
who has direct authority over all who take care of or use the lamps. 


The degree of supervision cannot be observed readily in one visit to 
a lamphouse, but its absence cannot be mistaken. The following indications 
were noticed at the mines visited: 


Mine 1. - The lampman was an old employee but had no previous 
lamphouse experience. He seemed to lack natura. ability along this line, 
and the work was difficult and distasteful to him. He was kept on the job 
in spite of excessive breakage and unsatisfactory performance of the lamps. 


Mine 2. - This mine had a self-service installation in which the lamp- 
man was unable to cope with tne carelessness of the men in racking their 
lamps and taking each otiiers’ lamys. Instead of backing the lampman in 
maintaining discipline, tne supervisor closed tne lamphouse to the men and 
gave the lampman the added work of receiving and giving out the lamps, 
even though the lamphouse was designed for seif-service. 


Mine 8. - This mine was one of severa: that had a self-service instal- 
lation but no lampman. The lainnos were under the care of the hoistmen, each 
cf whom was given a definite number of iamps te service. However, none of 
the men seemed to be respensible for other equipment in the lamphouse, 
ror example, the cherging generatcrs had bacly worr. commutators. One of 
tne generators had feilecd on & previous shift tarough loss of brusn contact, 
and the batteries were only partiy charged. The commutator condition still 
existed, and the impression obtained was that no one was responsible. 


Mine 4. - The lampman stated that this installation was owned but was 
upon a maintenance-rental basis, yet he cid :musual repair work, such as 
soldering lock and hinge hasps, far beyond that observed at any other lamp- 
rouse. 


Supervision seemed remiss at this mine, as a maintenance-rental 
contract should have covered such repairs; also a more advantageous use 
of the lampman’s time and added discipline should have prevented much 
of the lamp breakage and many failures. 
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Lamphouse Methods 


The method employed with any lamp installation depends on several 
factors, including the kind of lamps, the lamphouse and its equipment, 
supervision, the lampman, and the mine served. Thus lamp installations 
and lamphouse methods are never exactly the same.. 


Charging 
In 12 of the 28 installations the varallel system of charging the 
batteries was employed. All but ons of these were self-service installa- 
tions in which each miner takes his »attery cff charge and puts it back on 
charge at the end cf the shitt and each battery, when charged, remains on 
trickle charge across the constant-potential buses until taken from the rack 


by the user. 


In *he other 16 installations the series system of charging was used. 
Four of these were semi-self-serv.ce installations in which each man took 
his lamp from the rack but returned it to the lampman or, if the lampman was 
not on duty, placed the lighted larnip on a receiving bench. 


With parallel charging each battery takes its needed charge from a 
constant-voltace supply independently of every other battery. The charging 
current automatically decreases as tha plate voltege rises, until the battery 
is on trickle charge, where it remains until removec by the user. 


With series charging each battery of a series receives the same charg« 
irrespective of its need. To prevent unequal ciiareing, all lamps of a rack 
or series are allowed to burn about the sirne number of hours so that the 
batteries will require approximately tne same charge. As the batteries of 
each series become fully charged, they are taken off charge by the lampman 
or his assistant and remain off charge in the rack until used. 


Lamns that are used on short or irregular shifts are placed in special 
racks away from the regular lamps or are lighted by the lampman at the 


regular shift time, or their burning time is completed by letting them burn 
in the lamphouse at the end of the shift. 


Battery Electrolyte 
There is daily loss of electrolyte from a storage battery through 


gassng on charge, spray from the gas vents, and sometimes actual spillage. 
The installations showed great differences in this respect. 
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Very little electrolyte was lost at four installations where filling 
and charging were controlleu so as to give minimum gassng oncharge and 
no spillage. These batteries were filled every 2 weeks. One. lampman 
stated that his lamps would operate 3 weeks between fillings but that he found 
it better to fill them every 2 weeks, using less water per filling epee’ 
rately 1 ounce of water per lamp battery). | ‘ ae 


The lamps at the other 24 installations were > filled wee: Excessive 
spillage was found at 7 of these installations. Apparently spillage was ng 
to overfilling of the batteries but occurred in different ways. At 4 min 
it occurred chiefly in the lamphouse during charging; at the other 3 ime 
it occurred uandergrounc in low sections of the coal seam where the lamp. 
batteries were nearly horizontal much of the time. 


Numbering and Marking 


All of the lamps were numbered, each battery carrying a number | 
corresponding to its numibered position in the charge rack. At one mine 
the lamp numbers were the saine as the pay=roll numbers. 


At several mines the lamos carried other markings, such as dis- 
tinctive colors painted on the battery jars to designate differert lamp groups. 
The following grounings were observed: Day men and company men, work- 
ing shifts, regular employees and extra rnen, and officials ony. At one 
mine-each employee’s lamp check bears the same color :narking as his 
lamp. 


Instead of painting the batteries, one company marxs its lamp groups 
by means of colored thumbtacks on the charging ee Tnis facilitates 
changes in the group marking but does not show the lamp marking when the 
lamp is away from the charging rack. = 


Plainly visible numbering on both lamp and charging rack is 
especially desirable in self-service installations. Even with good numbering, 
there is trouble in racking lamps because of carelessness, crowding (too 
many trying to rack their lamps at the same me and inability of a few 
of the employees to read. 


The problem is handled differently at different mines. A few lamp- 
men get good racking by a system of penalties that make it worth while 


for each employee to rack according to instruction; those who can not or 
will not learn their numbers get someone else to rack for them. 
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Other lampmen obtain fair results with less discipline through volun- 
tary cooperation of the miners plus personal inspection and rearrangement 
of the lamps after the men have left the lamphouse. | | 


Two lampmen reported that steps were being taken to decrease 
crowding by installing railings so that the men would have to pass in single 
file past the racks. Man trips were used at both mines. 


At one mine where self-service had been used, so much trouble had 
developed through careless racking, taking the wrong lamp, and inability 
of some men-to recognize their numbers that self-service had been ciscon- 
tinued and the men were barred from the lamphouse. . | 


All well-managed lam: ohouses have some ‘scheme of indicating 
troubles that may have csvelcped in the lamps; either a man reports needed 
repairs to the lampmian or indicazes the trouble on his lamp. A common 
method of indicating tio.b:e 1s to knot the lamp cord. Thus a single loop 
in the cord may indicate headpiece trouble; two loops, a damaged cord; and 
a figure 8, battery trouble. | 


Such a system aids the lampman, makes each man more conscicus 
_ of his lamp and more apt to take care of it, and insures his having a good - 

lamp for the next working shift, but.it has to be backed up oy supervision 
and sornetimes by penalties. | 


Repairs 


The extent to which repairs are made in the lamphouse depends on 
such factors as the make of lamp, whether the lamps are owned or rented, 
the kind of rental contract, and the lampman. 


Some lamps are designed for repair at the factory only. Under the 
terms of the rental contract renewal parts such as lenses, bulbs, and 
reflectors are replaced at the mine, but a lamp that develops trouble of 
any other kind is set aside until enough are accumulated, usually 10, to 
be exchanged for new lamps. 


Other lamps are designed especially for ease of repair in the 
lamphouse. The degree to which these lamps are repaired in the lamphouse 
depends on the terms of the contract and the ability and attitude of the 
lampman. 


Lamps that are owned are usually repaired in the lamphouse insofar 
as the facilities permit. 
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Records 


An important pert of a lampman’s duties may be to keen a record 
of who uses the lemps and when, also of lamp performance, including 
failures and repairs. 


At one self-service installation the lampman sat at a table and 
checked off each man as he passed on his way to work. Other lampmen 
take the record from the rack after the men go to work and a similar 
record cf the returned Jamps. ‘ris method allows the lampman to observe 
shift chanzes and be availatle to auswer questions the men have regarding 
their larnps. 


Records of lamps returned between shifts are useful for double 
checking with the time clerk, especially where a man has worked only 
part of the shift. 


Self-service installations with no lampman do not obtain such records, 
nor are they obtained at lanmphouses in which a lampman is not always on 
duty, as is shown by the svaci:: cf returned lar.ps oa the lamphouse benches 
sometimes accumulated over a period of several hours. 
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In its approval of electric cap lamps, the Bureau of Mines places the 
folowing limitations on the light distribution. 


Except for inspection purposes, the area illuminated by the 
beam shall be free from sharp gradaticns in light intensity and 
spectral snadows, aid the maxirnum candlepower ot the light 
beam shal] not be greater than 25 times the weighted average 
or mean candlepower or the beara. 


This proportion of maximum to mean beam candlepower is called the 
light ratio. Eaci nanufacturer of permissible electric cap lamps has avail- 
able an assorime1.* of rezlectors that give light ratios of aporoximately 5:1 
to 20:1 and pe.iched reflectors of either plated brass or polished aluminum 
that give light vatios of 00:1 to 200:1 or more, depending on the sharpness 
of focus. The plated, polisned reflectors are generally called ‘‘spot’’ 
reflectors. Because of the extra cost of pclishing they are sold to the men 
for 50 to 75 cents each, whereas the diffusing reflcctors are standard 
equipment without extra charge. 


At 11 mines there seemed to be no restrictions on the use of the 
spot reflectors except the desire and ability of the men to buy them. They 
are obtained either through the lampinan or at the company store. 
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At 11 other mines the use of spot reflectors was restricted to 
definite employees, including officials, inspectors, haulagemen, drillers, 
and machine operators. 


The use of spot reflectors was not permitted at the remaining six 
mines, partly owing to the glare but chiefly to the discontent that their 
use creates among the employees. AS one mine superintendent expressed 
it: ‘‘No two spots aré the same and often cannot be made even similar. 
Fach man that has a less Gesirahle spot is a potential kicker.’’ The more 
the lampman tried to help the men get better spots the more the demands 
on himincreased until the management forbade the use of spot reflectors. 
These mines have found that tne hichor-ratio diffusing reflectors such as 
15:1 to 20:1 are satisfactory wherever a more concentrated light is de- 
sired. | 


Changes in Lamp Design 


The manufacturers of electric cap larrps are constantly attempting | 
to improve their product to meet whe demands of changing mine conditions. 
A lamp installation muy include s-veral modificetions of alamp. This is 
particularly true of rental installations in wnich lamps that fail are re- 
placed by new ones. Such installations have no definite age, although the 
average age of the lamps probably remains virtually constant. 


One installation included lamps of two manufacturers, as well as two 
models of one make. No objections were ovserved te the use of two models 
of the same make, but the use of lamps of two manufacturers in the same . 
lamphouse is objectionable because few lanipmen can be strictly impartial. 
In this installation the less-liked lamp was obviously “‘not getting fair 
treatment.” 


Lamp Performance 


Various degrees of lamp performance were evident in the 28 instal- 
lations. The lowest performance was noted where the lamnoman admittedly 
did not like his job or the lamps under his care. There was excessive 
spillage through overfilling of the batveries, excessive headpiece and bulb 
breakage due to lack of skill in assemiling, and excessive lamp failures 
underground; all of these factors tended toward general dissatisfaction 
with the installation and abuse of the lamps.. The results were unfair to 
the lamps and a reflection on supervision. 


The next poorest performance was observed in five installations that 
had no regular lampman. Three installations were adjacent to hoistrooms 
and were cared for by the hoistmen as time permitted. Each hoistman wes 
assigned some of the lamps to water and clean. The fourth installation was 
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unaer the care of the electrician; the fifth was cared for by 2 yardman es 
part-time work. All were self-service installations in which self-service 
was used to eliminate a regular lampman and anparently to decrease 
supervision. 


Next in performance were five self-service installations in which 
the lamoinan had other duties; hcewever, someone was always on duty in 
the lamphouse when the work shifts chanced. 


Fair lamp performance was found at nine installations that hed full- 
time lamomen but at which these lampmen, through lack of ability, super- 
vision, or discipline, were not rettine full performance from the larnos. 


Exceptional performance was observed at eitut installations, I*ive 


were operated upcn 2 seli-service basis, and three upon a serai-self-service 


basis. In each of these installetions a good lampmen was employed with 
an assistant in attendance when he was off duty. 


in each or these installations the manaztement used self-service to 
permit increased insvection and care of the lemps and, by maintaining 
ecequate discipline, insisted on careful use and handling of the larnos. 
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